In this paper a method is proposed for obtaining productivity using Malmquist Productivity Index on interval data. Using this index and also DEA models, it can be calculated to progress and regress of Decision Making Units (DMUs). With regard to data are not exact and definite, but they lie in an interval, then Malmquist Productivity Index is changed as an interval.
Introduction
[1] developed a DEA-based Malmquist Productivity Index which measures the productivity change over time. The Malmquist index was first suggested by Malmquist (1953) [2] as a quantity index for use in the analysis of consumption of inputs, Fare et al. combined ideas on the measurement of efficiency from Farrell and the measurement of productivity from Caves et al. (1982) [3] to construct a Malmquist Productivity Index has proven itself to be a good tool for measuring the productivity change of DMUs. So far the productivity index has calculated in evaluating of decision making units, when all data are exact and definite. In this paper we will only evaluate the productivity index for interval data, that is, all inputs and all outputs are changed on intervals. At this case, the Malmquist Productivity Index is calculated as an interval.
Background
Suppose that n, DMUs, each using m inputs to produce s outputs, and assume the input-output data are known to lie within bounded intervals [8] . Then Malmquist Productivity Index for DMUs in two period times are given as follow:
In case m = s = 1, the pictorial of the Productivity Possibility Set (PPS) for BBC [4] model ( T v ) will be as follow:
The Figure 1 shows T v , when data are as interval. Consider 7 DMU such that their input-output are interval. As it has shown in Figure 1 units 1, 2 and 3 lie on frontier. The frontier of productivity possible set depended to coordinate of these points. If A, B and C be the coordinates of units 1, 2 and 3 respectively, then the efficiency frontier will be KABCZ, also if D, E and F be the coordinates of units 1, 2 and 3 respectively, then the efficiency frontier will be as K DEF Z . Note that, since inputs and outputs of units 1, 2 and 3 can are changed, then the manager can not calculate precisely value of efficiency, because, the frontier of productivity possible is not precise.
Recall that, when data are exact, the units which lie on efficiency frontier are efficient and the other units are inefficient. Note, we encounter with certain difficulties, if the above definition is extended for interval data. Because it is possible that part of units lie above of efficiency frontier and other part of units lie under efficiency frontier. With respect to the above discussion all units are divided to three groups as follow: First set contains of the units that are efficient in any situation (the best and worst position) as the units 1, 2 and 3 in Figure 1 . Second set contains of units are efficient in the best position, but they are not efficient in worst position as the unit 7 in Figure 1 . Finally, the set contains of inefficient units in any situation as the units 4, 5 and 6 in Figure 1 
Presented Models for Calculated Malmquist Productivity Index
As before mentioned, the Malmquist Productivity Index is evaluated over time (in periods t and t + 1 ). In this article our purpose obtaining an interval of Malmquist Productivity Index for any unit which is called interval of Malmquist Productivity Index. Also we know that productivity index evaluation requires two single period and two mixed period measures. The two single period measures can be obtained by using the CCR DEA model as follow (Charnes et al., 1978) . [5] : ) are given in below:
Using t + 1 instead t we obtain the below model.
With respect to model parameters (2) and (3) are interval, then each of
), respectively, for lower and upper bounds of the interval.
Theorem 1.
With respect to models (2) , (4) and (5), we have: 
Therefore, any optimal solution for model (2) will be a feasible solution for model (4) . On the other hand, since both of models (2) and (4) have the same objective function, therefore:
Now, suppose that, λ * , θ * be an optimal solution for model (5) . Then
Therefore, any optimal solution for model (5) will be a feasible solution for model (2) . Since both of models (2) and (4) have the same objective function, therefore:
The proof is complete. 
.., n.
Using t + 1 instead t and vice versa, we get
) are also can be lie within bounded interval
, which the lower and the upper bounds are obtain from the optimistic and pessimistic viewpoint as follows:
and
.., n. and using t + 1 instead t and vice versa, for models (7) and (8) ) in time period t + 1 with respect to time period t .
Theorem 2.
With respect to models (6), (7) and (8), we have:
, ∀r, ∀i, ∀j and λ * , θ * be a feasible solution for model (6), then we show that it is a feasible solution for model (7) . We have:
Therefore, the feasible region (6) is the subset of the feasible region (7). Hence,
Where the set M ++ and M + contains of units that have progress and regress from time t to t + 1, respectively. But about progress and regress of the set M − no things can be said. [6, 7, 9] 4. An application
The real data set contains 18 education groups with 9 inputs and 3 outputs, where the set of inputs-outputs are given as follows: Table 1 In this study we used the data from 18 education groups in year 2001 and year 2002. The result of this evaluating has come in Table 2 in below, but we ignore from the set of inputs and outputs for the sake of them voluminous: 
Analysis of the results
In above example 18 education groups have evaluated in two period times. Malmquist Productivity Index has calculated for all units and the results have shown in Table 2 . Since all units are as interval, therefore Malmquist Productivity Index also will be as interval. With regard to 
It is obvious that 0 < ρ < +∞. Note, ρ > 1 show the more percent of progress relative to regress and ρ < 1 show the more percent of regress relative to progress for DMUp.
Conclusion
In this paper has presented a method for obtaining Malmquist Productivity Index on interval data. In most practical applications of Data Envelopment Analysis (DEA), some or all inputs-outputs indexes of decision making units are not exactly defining. Therefore, it is need that the presented models are revised in order to obtain measure of progress and regress. Fortunately, we can determine progress and regress for some units, but there are units which we can not evaluate their progress or regress, and it is a drawback. In order to remove above difficult, we suggested an index for determining progress and regress for any evaluated unit.
